The dairy cow nmy rely heavily on body fat reserves as an energy source in early lactation.
Introduction
"The use of live weight as an index of gain or loss in body tissue is therefore clearly ruled out." ]~rancis G. Benedict (1927) Benedict (5) concluded from his study of weight loss in fasting steers that large changes in tureen fill precluded use of live weight as a precise measure of the amount of tissue energy loss. While change in fill may not be as severe in the lactating dairy cow as it is in the steer, measurement of body weight in relation to body tissue change has limitations. Many dairy cows lose body weight in early lactation. Intense selection of dairy cattle for high milk yield has resulted in a situation in which the genetic ability to produce milk during early lactation exceeds the ability of the animal to ingest sufficient feed to meet requirements for energy. Because production of milk during early lactation has a high priority in the dairy cow, production of milk may continue high despite insufficient dietary energy intake. When 1 Present address: Agricultural Experiment Stations, University of Georgia, Athens 30601. this situation exists, the cow must draw upon body tissue reserves to provide the energy which is lacking in the diet. This situation cannot continue indefinitely but must end when body energy reserves have been exhausted. To reestablish the animal to the same condition as at parturition, the animal must be allowed sufficient feed intake for body energy deposition either during late lactation or during the dry period.
The amount of tissue energy used during early lactation for milk production depends on the degree of fatness of the cow at time of parturition, the genetic potential of the animal for milk production, and feed intake during early lactation. The question of the desirability of relying on body tissue energy for milk production depends upon such factors as the influence of body composition on the health and feed intake of the cow, the energetic efficiency of body fat deposition and subsequent mobilization for milk production, and the corresponding efficiency of milk production directly from dietary energy. This paper will deal with the question of the metabolic efficiency of fat formation and mobilization as well as the estimation of the amount of body tissue mobilized from the measurement of liveweight. Interrelationships among tissue mobilization, body composition, and feed intake as well as the biochemistry involved will be discussed in the other papers of this symposium.
Efficiency of Milk Production from Body Tissue Energy
One of the most frequently cited references to the relationship between body energy loss and milk production is that of Knott et al. (11) . The authors suggested that i kg gain in dairy cattle required 3.53 kg total digestible nutrients (TDN) and that 1 kg loss of body weight supplied energy equal to that of 2.73 kg of dietary TD]ff. These figures are the result not of experimental measurements but calculations based on theoretical assumptions. These assumptions were: a) the energy of ] kg of gain is 5,937 kcal; b) the energy requirement for milk production is 0.341 kg TDN per kilogram 4% fat-corrected milk (FC!VI); c) the relative efficiency of energy use for maintenance, sY~PosIu~ milk production, and fattening follow the ratio 100:98.5:76.1; and d) no loss of energy occurs in the conversion of body tissue to milk. Knott et al. (11) state that the final assumption is probably not valid.
Data from this laboratory (10) have frequently been expressed in total energy balance where energy balance is the sum of milk energy and body tissue energy. This expression contains the implicit assumption that body tissue can be converted into milk energy without loss. This is because the heat production associated with the conversion of energy from body tissue to milk is ignored. If for example, we measure the energy balance of two animals and find them both to be +20 Meal, one of these cows may have been exactly in body energy balance and may have produced 20 Meal of milk. The other cow may have produced 40 Meal of milk and lost 20 Meal of body tissue. If tissue energy is used for milk production with an efficiency less than 100%, then the 20 Meal of tissue which is metabolized will yield less than 20 Meal of milk. More than 20 Meal of milk then must be produced from dietary energy. We would expect that the total dietary intake of this cow must be greater than that of the cow that had a total energy balance of +20 Meal and no loss of body tissue. With small changes in tissue energy balance, the error associated with energy balance is small. With large changes in tissue energy, however, total energy balance becomes less precise.
It is not possible to measure directly efficiency of conversion of body tissue energy to milk since it is not possible to separate that portion of milk which is produced as a consequence of tissue mobilization from the milk produced from dietary energy. Neither is it possible to measure directly that portion of the total heat production from body tissue catabolism.
Total heat production of a lactating cow may be measured. Total heat production, however, includes not only heat resulting from body tissue catabolism but also heat produced for maintenance, heat produced during the conversion of dietary energy to milk, and also heat produced from rumen fermentation. Although we cannot isolate the physiological process of converting body tissue to milk, we can estimate the energy value of body tissue loss in terms of its sparing effect on dietary metabolizable energy (ME) intake by regression techniques.
Estimates from Multiple Regression Analysis
An initial summary of Beltsville data was given by Moe and Flatt (13) . Data from 215 balance trials (5 or 7 days each) with lactating cows in which the tissue energy balance was negative were fitted to the equation where ME, milk and tissue energy are expressed as kcal/ Data from trials conducted as two consecutive 5-day balance trials have been pooled so that the data here are for 10-day balance trials with the exception of experiment 17 which involved 7-day trials. Of the 350 trials, 126 were on animals in negative energy balance and 224 in positive energy balance. The ranges in tissue energy balance and milk yield were --20.9 to q-18:8 Meal and 0.1 to 34.8 Meal per day. Diets ranged from all forage to 80% concentrate, and some included hay crop silage and some purified diets.
In the computations which follow, total dietary energy intake is in metabolizable energy (ME), tissue energy balance is represented by body tissue energy loss (TISN) or body tissue energy gain (TISP), body size is body weight in kilograms raised to the 3~ power (MBS), and milk yield is milk energy (MILK). The following model represented the relationship between dietary energy intake and the use of energy by the lactating animal:
In this model bl, be, and b s represent the amount of ME required for maintenance, milk production, and body gain, and b~ represents the amount of dietary ME which is spared per unit of body tissue energy loss. The reciprocals ]/b 2 and 1/b a represent the efficiency of milk production and body gain from dietary ME intake. The ratio b 4:b 2 represents the amount of milk which would be produced by an amount of ME equal to that spared by one unit of tissue loss, i.e. the efficiency of use of body tissue energy for milk production. Body tissue gain and ioss are not separate measurements but are an arbitrary division of the data depending upon whether the measured tissue balance was positive or negative. That body tissue balance is measured by difference should be emphasized. It is Calculated by subtracting heat production and milk energy from ME intake. Heat production was measured by indirect calorimetry in open-circuit respiration chambers described by ]~latt et al. (7) . Metabolizable energy intake was measured by subtracting the energy lost as feces, urine, and methane from the intake of gross energy. Tissue energy is subject to the cumulative errors of measurement of ME, heat production, and milk energy and is associated with the largest error of determination of any of the measurements. It is unreasonable to think of the live animal in either deposition or mobilization alone. The measurement is the sum total of deposition and mobilization, both of which may occur sinmltaneously. In the partitioning of energy costs, the normal turnover of body energy stores would be charged to maintenance, and only the portion of energy cost which is directly proportional to the net deposition or mobilization of body energy will be reflected in the partial regression coefficient for that body function.
The individual regression coefficients are in Table 1 . One of the striking features of these regressions is the very high coefficient for metabolic body size, 153 and 135 kcal ME per kg 3/4 for the groups with negative and positive tissue balances. These partial regression coefficients cannot, however, be interpreted independent of the regression constant. The constant represents the amount of ME intake which was not attributable to any specific variable in the model. It appears most logical to assign this amount of energy to the maintenance term. This was done by dividing the constant by the average metabohc body size and adding this to the partial maintenance coefficient (Table 2 ). For the lactating cows in negative tissue balance the adjustment was as In Table 3 , partial efficiencies for the production of milk from ME and tissue and the production of tissue from ME are presented. These have been calculated as described. The estimate of the partial efficiency of milk production front tissue energy is 84% (1.270/1.512) in the negative tissue data alooe or 82.4% (1.279/1.552) in the pooled equation.
The partial efficiency of tissue gain in the lactating cow is extremely high compared with other estimates for fattening. The 72.6% (1/1.378) from the tissue gain data or 74.7% (1/1.339) from the pooled data is significantly higher than the 58.7% which was obtained from the data of nonlactating animals in this laboratory (14) .
Energy balance experiments with lactating cows (10) and goats (2) suggested that the process of fattening in the lactating animal was as efficient as milk production. The results of the present study suggest that this efficiency may be even higher than for milk production.
Armstrong and Blaxter (2) proposed that the improved efficiency of lipogenesis in the presence of lactation was due to the removal of acetate by the mammary gland with the result that the metabolites available for lipogenesis were of a type associated with efficient production of body fat. This theory is based on the assumption that the lower efficiency of fattening in the nonlactating animal is due to inefficient utilization of acetate. This theory has been challenged by 0rskov et al. (16) and Bull et al. (6) in studies demonstrating a very high efficiency for the utilization of acetate for fattening in the sheep. The exact nature of the decreased efficiency associated with fibrous diets is thus open to question but two relationships are apparent. The efficiency is less for fattening in the nonlaetating animal than is true for the lactating animal. Secondly, the variation in efficiency caused by dietary variation is greater for fattening than for lactation. This is supported by further observation of these data by Moe et al. (14) . The effect of variation of the percentage of digestible or metabolizable energy on the efficiency of energy use was greatest in nonlactating cows, intermediate in lactating cows that were gaining body tissue, and least in lactating cows that were in negative body energy balance. This indicates that the process of body tissue deposition whether accompanied by lactation or not is influenced more greatly by digestible or metabolizable energy than is lactation itself.
The high efficiency of fattening during lactation suggests that the temporary storage of energy as body fat is not as energetically costly as was previously thought. If depot fat is used for milk production with an efficiency of 82.4% and this body fat is replaced during late lactation with an efficiency of 74.7%, the net efficiency of milk production from ME by this route is 0.824 × 0.747 or 61.6%. This is only slightly lower than the efficiency of 64.4% representing the direct use of ME for milk production. If the depot fat is replaced dm'ing the dry period, however, at an efficiency of 58.7%, the net efficiency is decreased to 0.824 × 0.587 = 48.3%. It appears that body tissue which is lost during early lactation can be more economically replaced during late lactation than during the dry period.
Relation of Body Tissue Energy Loss to Live Weight Change
The major difficulty in interpreting the adequacy of nutrition of lactating cows particularly in early lactation is lack of precise estimators of body tissue energy loss. During early lactation the cow is usually increasing in daily feed intake. The resulting increase in rumen fill may partially mask real decreases in empty body weight. In addition, there is the possibility that some body fat may be metaho-lized and replaced with water so that no net change in body weight is observed. It is sometimes possible to estimate body tissue loss better by visual observation than by scales.
Bath et al. (3) measured the decrease in total body energy of Holstein cows during the first lactation by carbon-nitrogen balance and comparative slaughter techniques. Two groups of 2-year old Holstein heifers were restricted to 65% of the amount of energy recommended by Morrison (15) for 49 and 105 days. During this period, the empty body weights declined by 41 and 70 kg, respectively. The decrease in total body energy as measured by comparative slaughter and carbon-nitrogen balance amounted to 5 Meal per kilogram weight loss. The results of this study were not confounded by changes in gut fill since observations were on empty body weight.
The importance of the change in gut fill may be illustrated by some data of Benedict (4) . In this study, five steers were maintained for 4 months at approximately one-half of the intake of feed for maintenance. If feed intake can be assumed to be exactly one-half maintenance, then the resulting change in body weight during the first month suggests a tissue energy loss of 1.7 Meal per kilogram weight loss. This low figure is largely the result of a substantial decrease in body weight due to the reduction in gut fill during the first month. During the succeeding three months when the gut fill would not be expected to change, the caloric value of weight loss amounted to 5. For cows in early lactation the caloric equivalent of 1 kg weight loss may be meaningless, particularly when body weight change is minireal. With the data of Flatt et al. (9) , for example, where changes in tissue energy were large with no change in live weight, the caloric equivalent would be infinite. Similarly, for other data from this laboratory, it is not possible to establish any relationship between body weight loss and body tissue energy loss for those animals in early lactation.
A study of body weight changes in early lactation by Moe (12) suggested that 1 kg weight change in early lactation was equivalent to 6.18 kg of TDN. From data of that study, the requirement for the production of 1 kg FCM was 0.30 kg TDN as measured in the lactating cow. The 6.18 kg of TDN would, thus, supply sufficient energy for 20.6 kg FCM or 15.2 Meal of milk. With 84% conversion of body tissue energy to milk, this amount of milk would require the metabolism of 15.2/ .84 ----18 Meal of body tissue. This extremely high estimate of the caloric equivalent of weight change would be considerably smaller if some consideration were given to the change in gut fill during this time.
